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TaAs as one of the experimentally discovered topological Weyl semimetal has 
attracted intense interests recently. The ambient TaAs has two types of Weyl nodes 
which are not on the same energy level. As an effective way to tune lattice parameters 
and electronic interactions, high pressure is becoming a significant tool to explore 
new materials as well as their exotic states. Therefore, it is highly interesting to 
investigate the behaviors of topological Weyl fermions and possible structural phase 
transitions in TaAs under pressure. Here, with a combination of ab initio calculations 
and crystal structure prediction techniques, a new hexagonal P-6m2 phase is predicted 
in TaAs at pressure around 14 GPa. Surprisingly, this new phase is a topological 
semimetal with only single set of Weyl nodes exactly on the same energy level. The 
phase transition pressure from the experimental measurements, including electrical 
transport measurements and Raman spectroscopy, agrees with our theoretical 
prediction reasonably. Moreover, the P-6m2 phase seems to be quenched recoverable 
to ambient pressure, which increases the possibilities of further study on the exotic 
behaviors of single set of Weyl fermions, such as the interplay between surface states 
and other properties. 
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Introduction 
Weyl semimetals (WSMs) can be considered as three-dimensional (3D) analogs to 
graphene in terms of the electronic dispersions. One of the most striking 
characteristics of a WSM is the topological surface state with Fermi arcs, which is 
originally proposed in pyrochlore iridates1, and further studied in different systems by 
other groups2,3,4,5, while the bulk may possess Weyl nodes behaving like Weyl 
fermions1,2 and novel transport properties stemming from the chiral anomaly6,7,8. 
Weyl nodes appear in pairs of opposite chirality due to the ‘No-go theorem’. Recently, 
the non-centrosymmetric NbAs-type transition-metal monoarsenides, i.e. TaAs, TaP, 
NbAs, and NbP, have been predicted to be WSMs, and twelve pairs of Weyl nodes 
are expected in their 3D Brillouin zones9,10. Moreover, NbAs-type transition-metal 
monoarsenides are completely stoichiometric and nonmagnetic, providing a proper 
platform for the study of the chiral anomaly in the topological WSMs. Soon after, 
many exotic properties induced by the Weyl nodes have been observed such as 
topological surface states with Fermi arcs11,12,13,14 and a negative longitudinal 
magnetoresistance (MR)15,16,17 due to the chiral anomaly18,19,20,21,22. Most remarkably, 
bulk-sensitive angle-resolved photoemission spectroscopy (ARPES) 
measurements13,23 have shown Weyl nodes in the bulk states of TaAs in good 
agreement with ab initio calculations9,10,13. These results demonstrate that TaAs 
family is a promising system that hosts topological properties and might help to pave 
a new way for further experimental studies of new topological phases and quantum 
states. 
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However, there are two types of Weyl nodes on different energy levels in TaAs, 
which makes the observation of Fermi arcs quite complicated10,11. In that sense, it 
might be useful to reduce the interference from the bulk states, if one can find a 
material with only one set of Weyl points on the same energy level. On the other hand, 
as one of the fundamental state parameters, high pressure is an effective and clean 
way to tune lattice as well as electronic states, especially in quantum states24,25,26. 
Therefore, it will be very interesting and important to investigate whether these two 
sets of Weyl points in TaAs would move or merge into one level in energy under high 
pressure, or whether pressure can induce some other exotic structures and properties 
in these topological WSMs. 
In this work, we report a joint study on the pressure effects on the electronic and 
structural properties of single-crystal TaAs, from both ab initio calculations and 
experimental measurements, including electrical resistance measurements and Raman 
spectroscopy. Our numerical simulations demonstrate that the Weyl nodes in the 
I41md structure remain stable upon compression. Most interestingly, using crystal 
structure searching techniques and ab initio calculations, a new P-6m2 phase with 
only one set of Weyl nodes is predicted above 14 GPa. Furthermore, the critical 
transition pressures from electrical resistance and Raman measurements both agree 
reasonably with theoretical predictions. 
 
Method 
Ab initio calculations. We use ab-initio random structure searching (AIRSS)27,28 
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method for crystal structure predictions. Cell optimization are performed using 
projector augmented wave (PAW) implemented in the Vienna ab initio simulation 
package (VASP)29, with Perdew-Burke-Ernzerhof (PBE) generalized gradient 
approximation (GGA) exchange-correlation density functional30. Phonon spectra are 
carried out using finite displacement method with VASP and PHONOPY31 code 
together. The plane wave cutoff is 400 eV, and the Brillouin zones are sampled with a 
Monkhorst-Pack k-mesh with a spacing of 0.03 Å-1. A 3 × 3 × 3 supercell for P-6m2 
and a 2 × 2 × 2 supercell for P21/c phase, are chosen for phonon calculations. 
Electronic structure calculations are performed using the full-potential linearized 
augmented plane-wave (FP-LAPW) method implemented in the WIEN2k package32. 
A 1000 k-point mesh for BZ sampling and -7 for the plane wave cut-off parameter 
RMTKmax are used in the calculation, where R is the minimum LAPW sphere radius 
and Kmax is the plane-wave vector cutoff. Spin-orbit coupling is taken into account by 
a second-variation method33. 
High pressure experiments. Single crystals of TaAs used here were grown by 
chemical vapor transport method, and the crystal structure and quality were 
characterized by X-ray diffraction and energy dispersive X-ray spectroscopy (EDXS) 
measurements. Electrical transport measurements at ambient pressure were performed 
in a Physical Property Measurement System (PPMS, Quantum Design). 
High-pressure resistance measurements were conducted via the standard four-probe 
method in a screw-pressure-type diamond anvil cell (DAC). Raman experiments were 
performed at room temperature in a BeCu-type Diacell ST-DAC using a Horiba Jobin 
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Yvon T64000 spectrometer. These measurements were conducted with the 514.5 nm 
excitations of an Ar-Kr laser with a power below 0.1 mW to avoid sample damage 
and any heating effect. Pressure was calibrated by using the ruby fluorescence shift at 
room temperature for all experiments34. 
 
Results and discussions 
The ambient TaAs crystallizes in a body-centered tetragonal NbAs-type structure with 
the non-centrosymmetric space group35. This structure consists of four trigonal prisms 
per unit cell, in which the alternating Ta and As layers are rotated by 90° and shifted 
by a/2, as shown in Fig. 1(c). The absence of a horizontal mirror plane in the unit cell 
thus breaks the inversion symmetry. It is known that the ambient I41md structure has 
two sets of Weyl points. One type of Weyl points locates in the kz = 0 plane (W1), and 
the other is off this plane (W2)10,11. These two sets of Weyl points have an energy 
difference about 14 meV at ambient pressure11. To check if pressure can eliminate this 
energy difference, we performed additional calculations and found that with the 
increasing pressure, as shown in Table I, the x coordinate of W1 and z coordinate of 
W2 decrease monotonously, while the rest coordinates of W1 and W2 are almost 
unchanged. Thus the Weyl points in I41md structure are quite robust upon 
compression. This is good at one side, however on the other side, the energy 
difference between these two sets of Weyl points still remains and even becomes 
larger under moderate pressure. This encourages us to study whether higher pressure 
can eliminate this energy difference eventually and to look for the possible new 
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structure with iso-energetic Weyl points. 
To accomplish this, we used crystal structure prediction techniques in the frame 
of density functional theory (DFT) to find the best candidates of TaAs under high 
pressure. The enthalpy-pressure (△H-P) curves plotted in Fig. 1(a) exhibit the best 
ones from our structural predictions under pressure up to 50 GPa. The ambient 
structure of TaAs is found to be I41md, which is in agreement with the experimental 
observations35. Moreover, the enthalpy of P-6m2 structure is found to be lower than 
that of the ambient I41md structure from 14 GPa to 34 GPa. The calculated transition 
pressure from I41md to P-6m2 is around 14 GPa. Interestingly, these two structures 
are formed with the same type TaAs6 polyhedron, a triangular prism, of which 
triangle side length and height are essentially the same, respectively (3.305 Å and 
3.396 Å for I41md, 3.300 Å and 3.456 Å for P-6m2 at 15 GPa). As shown in Fig. 1(c), 
the main difference to distinguish these two structures is the stacking sequence of the 
triangular prisms. While the I41md structure is constructed with AB sequence along 
the c-axis, the P-6m2 structure has a uniform AA stacking. When the pressure 
increases, a P21/c structure becomes the most stable one beyond 34 GPa. The crystal 
structure of the P21/c phase is more complicated, which consists of twisted TaAs7 
enneahedra. 
Calculated band structures and Fermi surfaces of the high-pressure phases are 
shown in Fig. 2. For the P-6m2 structure, it seems to be metallic as the bands are 
overlapping near the A point. Spin-orbit coupling opens a gap of around 160 meV for 
the crossing point near the K point. The density of states near the Fermi level is 
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mainly contributed by the Ta-5d orbits. Due to the effect of triangular prism crystal 
field, Ta-5d orbits are splitted into three groups: 2zd , xz yzd d  and 2 2 xyx yd d . 
There are four bands contributing to the Fermi surface, and interestingly, one of them 
forms a doughnut surrounding the K point, and two balls in the Γ-A path near the A 
point, which is mainly from Ta 2zd  and 2 2 xyx yd d  orbits. Meanwhile, the other 
three bands constitute a bowl surrounding the A point, contributed by Ta 2 2 xyx yd d  
orbits. 
The intriguing electronic band structures of P-6m2 encourage us to investigate its 
topological properties. Interestingly, our calculations show that this 
non-centrosymmetric structure is also a Weyl semimetal with only one type of Weyl 
points, which are around the K point. As shown in Fig. 2(c), there are 12 Weyl nodes 
in the first Brillouin Zone. The Weyl points obtained from scanning in the Γ-K-M and 
Γ-K-A planes are shown in Fig. 2 (d) and (e), respectively. The iso-energetic feature 
might be important for the possible application of Weyl semimetals in 
microelectronics. As presented in table II, the position of these Weyl nodes almost 
stay unchanged, which is different from the behaviors of W1 and W2 in the I41md 
phase. 
For the P21/c structure, there are three bands across Fermi level, near the Z, Y, A, 
B, C point, mainly composed of Ta-5d orbits, making some cobbles (two surrounding 
Z point and four near Y point) and twisted tubes connecting B, A, C points. All the 
five components of Ta-5d orbits contribute together to these three bands on the Fermi 
level. As a nonmagnetic compound with inversion symmetry, no Weyl nodes are 
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expected in this phase. 
Phonon spectra of P-6m2 and P21/c structures are shown in supplementary Fig. 
S1. They are showed to be dynamically stable at 25 and 40 GPa. Moreover, the 
phonon spectra of these two structures at 0 GPa do not have modes with negative 
frequencies, which indicates P-6m2 and P21/c structures should be quenched 
recoverable to ambient pressure if they could be synthesized. 
To study the influence to the transport properties from pressure, we perform 
detailed high pressure electrical resistance measurements. Supplementary Fig. S2(b) 
displays the temperature-dependent in-plane resistivity of single-crystal TaAs at 
ambient pressure. At zero magnetic field, TaAs exhibits a metallic-like behavior down 
to 2 K and a residual resistance ratio (RRR = 25). The applied magnetic field of 2 T 
perpendicular to the current and the ab plane significantly increases the resistivity 
below ~200 K and induces a crossover from metallic-like to insulating-like 
conductivity. As seen from supplementary Fig. S2(c,d), the Shubnikov-de Haas (SdH) 
oscillations and the Landau fan diagram suggest the presence of the π Berry’s phase 
of the Weyl electron pocket16,38. All of these results are consistent with recent 
reports15,16, which confirms the high quality of TaAs sample used here. After applying 
external pressure of 1.1 GPa, the temperature dependence of resistance exhibits an 
insulating-like behavior (dρ/dT < 0) over the whole measured temperature range, as 
shown in Fig. 3(a). The pressure-induced metal-insulator transition intuitively 
resembles the case of magnetic field effect on the resistance (see supplementary Fig. 
S2(b)). Nevertheless, this phenomenon is counterintuitive because pressure usually 
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enhances the band overlapping. Note that similar phenomenon has been reported in 
pressurized 3D Dirac semimetal Cd3As2
39,40. However, this is not the case of 
isostructural NbAs which remains metallic behavior up to 20 GPa41. In the pressure 
range from 1.1 to 10.0 GPa, the R(T) curve keeps the insulating-like behavior. The 
resistance at 300 K increases monotonically, while the resistance at 1.8 K first 
increases with pressure then decreases at pressures above 5.0 GPa (see Fig. 3(c)). 
Accordingly, when the pressure is enhanced to 14.0 GPa, an insulating-like to 
metallic-like transition emerges upon cooling, showing a resistance anomaly at TM-I 
~140 K. With further increasing pressure, the peak temperature TM-I shifts to higher 
temperatures (see Fig. 3(c)). The transition pressure agrees with the I41md to P-6m2 
transition from the theoretical prediction, as shown in Fig. 1(a). 
Since TaAs possesses large MR in analogy to WTe2
42, which has been predicted 
very recently to be a new type of WSMs43, we investigated the MR at 4.5 K under 
different pressures. As seen in Fig. 3(d), the MR is dramatically suppressed by 
pressure, which is also similar to the case of pressurized WTe2
44. In WTe2, the 
suppression of MR is accompanied by the emergence of superconductivity44,45. 
However, in our case, no trace of resistance drop appears even down to 1.8 K till 54.0 
GPa. This result somewhat resembles that of NbAs, in which no dramatic pressure 
effect was observed on both crystal structure and electronic state up to 20.0 GPa41. 
Nevertheless, it is interesting to note that the MR curve at 10.0 GPa displays a linear 
behavior in a broad field region. The linear MR seems to be universal in the Dirac or 
11 
 
Weyl semimetals, strongly suggesting the robust Weyl semimetal state in TaAs even 
under high pressure. Our calculations also show that the Weyl states in I41md remains 
stable up to 14.0 GPa. As shown in Fig. 3(d), the characteristic field B∗ above which 
the linear MR is observed first shifts monotonically to lower fields with increasing 
pressure from 3.0 GPa, then turns back for pressures above 10.0 GPa. Combining 
with the fact that an insulating-like to metallic-like transition emerges upon cooling 
above 10.0 GPa, it can be deduced that this pressure is close to a critical pressure 
corresponding to a possible structural or topological phase transition. The critical 
pressure close to 10.0 GPa is also revealed in Fig. 3(c), where the room-temperature 
resistance displays a maximum at 14.0 GPa, levels off in the pressure region from 
20.0 to 37.0 GPa, and then drops slightly afterwards. Unlikely to be coincidence, 
these transition points sit more or less in the same pressure range for the occurrence of 
the high-pressure phases P-6m2 and P21/c, as predicted in theoretical calculations. 
To have a better understanding of the phase transition of TaAs, we measured 
high-pressure Raman scattering spectroscopy, which is sensitive to local bond 
vibrations and symmetric broken. The non-centrosymmetric structure of TaAs is 
characterized by the space group I41md (
11
4D v , No.109), with four atoms in unit cell, 
where the Wyckoff positions are 4a for both Ta atoms and As atoms35. As shown in 
Fig. 4 in the wavenumber range from 200 and 400 cm-1, there is one vibration mode 
near 252.7 cm-1 at ambient pressure, which is designated to A1 mode and compatible 
with the reported results observed in the x′x′ spectra46. After applying pressure, this 
mode shifts toward higher frequency. When the pressure is enhanced to 10.1 GPa 
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which is close to the critical pressure as revealed in the transport measurements, this 
mode cannot be detected within the system resolution. This is probably the Raman 
spectroscopic evidence for structural phase transition, suggesting the intimate 
correlation between the lattice structure and metal-insulator transition in TaAs under 
high pressure. No modes can be observed as the pressure is further increased up to 
27.2 GPa. 
 
Conclusion 
In conclusion, by combining theoretical and experimental investigations, we find a 
new hexagonal P-6m2 phase in TaAs at around 14 GPa. This structure is predicted to 
be a topological semimetal with single set of Weyl fermions. This property might be 
good to reduce the interference between the surface and bulk states. In addition, we 
find the Weyl states in the ambient tetragonal I41md structure remain stable with 
pressure up to 14 GPa, this somehow agrees with the linear MR observed in the 
transport measurements at 10 GPa. The behaviors of iso-energetic Weyl fermions in 
this material might provide an important platform to study the interplay between 
surface states and other exotic properties and desire further investigations. 
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Figures and Captions 
 
Figure 1. (a) Calculated enthalpy relative to that of I41md phase vs. pressure. (b) 
Volume vs. pressure. (c) Crystal structures of ambient phase (I41md) and two best 
candidates of high-pressure phases (P-6m2 and P21/c). 
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Figure 2. Calculated electronic band structures of P-6m2 phase at 25 GPa with 
spin-orbit coupling. (b) Fermi surfaces. (c) The Weyl nodes in the first Brillouin Zone. 
Weyl points obtained from scanning in the Γ-K-M plane (d) and Γ-K-A plane (e), 
respectively. 
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Figure 3. Temperature dependence of resistance for TaAs single crystal at various 
pressures. (a, b) Whole temperature resistance under high pressure from 1.1 to 54.0 
GPa. (c) The insulator-metal transition temperature TM-I and specific resistance as a 
function of applied pressure at 1.8 K and 300 K, respectively. The TM-I is defined as 
the hump on the resistance curve. (d) Isothermal magnetoresistance at 4.5 K under 
representative pressures. The dash lines denote the linear behavior. The arrows 
represent the characteristic magnetic field, B∗, below which the magnetoresistance 
deviates significantly from linearity. 
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Figure 4. Raman spectra as a function of pressure at room temperature under high 
pressure. One peak is designated as A1 mode at ambient pressure. 
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Table I: The coordinates of Weyl nodes of TaAs in I41md structure. The unit of 
these coordinates is the same as the Ref. [10]. 
Pressure (GPa) 
Weyl node 1 (W1) Weyl node 2 (W2) 
x y z x y z 
0 0.944 0.0146 0 0.519 0.035 0.593 
2 0.938 0.0146 0 0.521 0.035 0.587 
4 0.933 0.0146 0 0.520 0.035 0.585 
6 0.927 0.0146 0 0.521 0.035 0.581 
8 0.922 0.0146 0 0.520 0.035 0.579 
10 0.916 0.0146 0 0.520 0.035 0.576 
12 0.910 0.0146 0 0.521 0.035 0.573 
14 0.905 0.0144 0 0.521 0.035 0.571 
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Table II: the coordinates of Weyl nodes of TaAs in P-6m2 phase. These 
coordinates are almost unchanged with the increasing pressure. The position is given 
in the unit of the length of reciprocal lattice vectors. 
Pressure (GPa) x y z 
15 0.253 0.253 0.027 
20 0.250 0.250 0.028 
25 0.249 0.249 0.028 
30 0.247 0.247 0.028 
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Supplementary Information 
 
Figure S1. Phonon dispersions for the high-pressure phases of TaAs. (a) P-6m2 at 0 
GPa. (b) P-6m2 at 25 GPa. (c) P21/c at 0 GPa. (d) P21/c at 40 GPa. 
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Figure S2. Schematic crystal structure and temperature-dependent in-plane resistivity 
for TaAs. (a) Body-centered-tetragonal NbAs-type structure of TaAs single crystal 
with the non-centrosymmetric space group I41md. Blue and violet balls represent the 
Ta atom and As atom, respectively. (b) Temperature dependence of in-plane 
resistivity at 0 T and 2 T, where the magnetic field is perpendicular to the ab plane 
and the current used (the inset). (c) Magnetoresistance at 2 K as a function of 
magnetic field perpendicular to the current. Inset: Oscillatory component of the 
in-plane resistivity at 2 K plotted against reciprocal magnetic field, 1/B, obtained by 
subtracting a smooth background. (d) Linear fitting of the Shubnikov-de Haas fan 
diagram, showing the π Berry’s phase of the Weyl electron pocket with a consistent 
intercept closest to zero. 
 
